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EFFECT OF THE MARCH 27, 1964 EARTHQUAKE ON PINK SALMON ALEVIN SURVIVAL 

IN PRINCE WILLIAM SOUND SPAWNING STREAMS 

INTRODUCTION 

An earthquake of great  in tens i ty  struck the  s t a t e  of Alaska on March 27,  1964. 

Although the impact of the damage by the earthquake, seismic waves, and subse- 
quent t i d a l  waves on salmon stocks may not be f u l l y  known f o r  many years,  some 
of i t s  immediate damages a re  now readily discernable. 

The earthquake caused d ra s t i c  changes t o  the  topography. Flany of the normal 
pink salmon spawning beds were damaged o r  destroyed w i t h  a possible resul t ing 
increased mortal i ty o f  the salmon alevins  occupying these beds. I f  t h i s  i s  
t rue ,  fu tu re  salmon populations may be d r a s t i c a l l y  and adversely a l tered.  I t  
i s  desirable t o  determine whether the  salmon alevins  occupying gravel beds a t  
the  time of the  earthquake suffered a s ign i f ican t  increase i n  mortal i ty.  

I .  AVAILABLE SURVEY DATA 

As part  of the Alaska Department of Fish and Game p i n k  salmon program i n  Prince 
William Sound, r e l a t i ve  indices of abundance of the salmon l i f e  history stages 
a r e  pinpointed t o  determine the time and place of mor ta l i t i e s  which may ser iously  
e f f ec t  the magnitude of the returning runs. In this program each cyle of salmon 
i s  monitored by obtaining an index t o  abundance a t  three stages i n  the  l i f e  his- 
tory:  

(1) Spawning adul ts  
( 2 )  Pre-emergent a1 evins 
(3) Estuarine f r y  

(Noerenberg, 1961 , 1963). The pre-emergent alevin index i s  of primary importance 
in t h i s  study. Samples used to es tab l i sh  t h i s  index a re  taken in stream spawn- 
ing gravels throughout the Sound just p r io r  t o  the downstream migration each 
spring. T h i s  index serves a s  a measure of the  abundance of salmon surviving a t  
the end of the freshwater stage of l i f e .  Figure 1 shows a sketch of a typical 
stream spawning area and the  random location of sample points i n  t h i s  area.  
Figure 2 shows the f i e l d  operation of the sampling frame and hydraulic probe 
used t o  pump eggs and a levins  from the  gravel. 

A representative group of streams and i n t e r t i da l  spawning areas have been sampled 
f o r  pre-emergent pink salmon alevins since 1958 w i t h  data on the number of dead 
alevins since 1961. Table 1 l i s t s  the  history of t h i s  past data. Figure 3 shows 
the  location of 13 streams which have been sampled each of the years 1961 , 1962, 
1963, and 1964. 

In 1964, immediately following the March 27 earthquake during the period April 1 
t o  18 the Department of Fish and Game conducted an intensive sampling program t o  
determine the number of a levins  and dead eggs in the  spawning gravels of Prince 



Figure 1. Section of spawning stream showing random location of sample points. 



AND ALEV IN5 WASHED 
 FRO^ GRAVEL BY WATER 
JETS FROM P,ROB$ 

Figure 2. Sampling equipment as used in the f ie ld .  The sampling frame i s  
located over a sampling point and the probe i s  being used t o  
remove eggs and alevins from the gravel. 



Table 1 .  i l is tory of pre-emergent pink salmon a lev in  sampl ing. 

Number of Number of 
Year Sampling Period Streams Sampled Samples Taken 

1961 March 15 - April 20 2 9 55Z1 

1962 .. March 10 - April 15 29 1,1142 

1963 March 10 - April 15 3 8 1 ,12!j2 

1964 April 1 - April 18 2 9 1,1452 

Sampling u n i t  one square yard.  

2 Sampl ing u n i t  t h ree  square f e e t .  



Figure  3. Loca t i on  o f  13 streams sampled each o f  t h e  years  1961, 1962, 1963, 
and 1964. 



William Sound. The streams sampled in 1964 are  shown i n  Figure 4, the location 
of these streams i s  almost identical  t o  the streams sampled in 1961, 1962, and 
1963 as  shown i n  Figures 5 ,  6,  and 7 respectively;  thus,  providing excel lent  
comparison among years.  While the primary objective of the program has been t o  
enumerate l ive  alevins f o r  use in forecasting subsequent adul t  runs, the  number 
of dead eggs from mor ta l i t i e s  occurring during f a l l  and mid-winter and the 
number of dead a levins  from r e l a t i ve ly  recent late-spring mor ta l i t i e s  were 
recorded each year. 

11. ANALYSIS OF THE DATA 

This report  i s  concerned with an analysis  of the data on the number of dead 
a levins ,  s ince t h i s  category alone would include mor ta l i t i e s  associated with 
seismic a c t i v i t y ,  and consequently, indicate  whether the 1964 alevins suffered 
a s ign i f ican t ly  higher mortal i ty.  In t h i s  analysis  the  multiple range t e s t  
developed by David 6. Duncan and extended t o  group means w i t h  unequal numbers 
of repl icat ions  by Clyde Y .  Kramer is  used t o  t e s t  f o r  s ign i f ican t  differences 
among alevin mor ta l i t i e s  f o r  the years 1961, 1962, 1963, and 1964 (Duncan, 1955; 
Kramer , 1956). 

The procedure fo r  the  application of this t e s t  consis ts  of the following four 
stages : 

(1 ) Determine the standard e r ro r  of the  yearly means, s. 

( 2 )  Determine the "shor tes t  s ign i f ican t  range," Rp, by mu1 t ip ly ing  the 
standard e r ro r  of the yearly means, s ,  by a given value, Zp ,n , 
obtained from Duncan's t ab le  of "s ignif icant  studentized ranges." 
In Duncan's terminology, n i s  the  degrees of freedom of the e r ro r  
mean square and p = 1,2, .  . . ,t i s  the  number of means concerned. 

(3) Rank the means from low t o  high. 

(4 )  Test the differences i n  the following order: l a rges t  m i n u s  smallest ,  
l a rges t  minus second smallest ,  ..., l a rges t  minus second l a rges t ,  then 
second la rges t  minus second smallest ,  and so on down t o  second smallest 
m i n u s  smallest .  Each difference i s  declared s ign i f ican t  i f  i t  exceeds 
the corresponding shor tes t  s ign i f ican t  range, R p ,  otherwise i t  i s  
declared nonsignificant. 

Before s t a t i s t i c a l  tests were applied the number of dead alevins found i n  each 
sampling dig were adjusted f o r  the number of l i v e  alevins and then, in order t o  
s a t i s f y  the requi rements of homogeneity of variance, the adjusted number of dead 
alevins were transformed logorithmically. All computations and t e s t s  were per- 
formed using the transformed data. 

The or iginal  data ,  adjusted data ,  and transformed data i s  l i s t e d  in Tables 2 ,  
3, 4, and 5. The r e su l t s  of computations a re  l i s t e d  i n  Table 6. 



Figure 4. Location of streams sampled i n  1964. 



Figure 5. Location of  s t reams sampled i n  1961. 



F i g u r e  6. Loca t ion  o f  s t r e a m s  sampled i n  1962. 



Figure 7. Location of streams sampled in  1963. 



Table 2. 1961 pink salmon alevin sampling results. 

Nunber o f  Number of Number of 
Stream S a m ~ l e s  B a d  Alevins Live Alevins D Lo12 D 

D = / No. of Dead Alevins 

[No. of Ce ad + No. Live  Alevins 
> x1o4 + 1 



Table 3. 1962 pink salmon alevin sampling results. 

- - -- - - -- 

Number of Nu-nber of Nunber of 
Stream Samples Dead filevins Live Rlevins D Log D 

D=( No.of DeadAlevins  
FO. of &ad + No. Live Alevins 

) X104 . 1 



Table 4. 1963 pink salmon alevin sampling results. 

Number of  l imber of  Nw,lber of  
Stream S amp l e  s Dead Alevins Live Alevins D Lo@ D 

D =  ( No. o f  Dead Alevins 4 ) x LO -: 1 
No, o f  &ad + No. Live Alevins 



Table 5. 1964 p i n k  salmon a l e v i n  sampl ing r e s u l t s .  

Number of Number of I!w'oer of 
Stream Samples Cead Alevins Live Alevins D Loc D 

No. of Dead Alevins ' = (NO. of Dead + l o .  Llve 



Table 6. Computations using adjusted and transformed a levin  m o r t a l i t i e s .  

Year 1961 1962 1963 1964 Grand Sum 

# of streams . 29 29 3 0 2 9 125 

Yearly sum 16.672835 20.244655 24.033724 47.786106 108.737320 

Yearly sum of 
observat ions 

squared 21 .361730 38.725240 40.46651 8 1 24.693358 225.246846 

Yearly mean.. 0.595458 0.723023 0.649560 1 -706647 0.870 



The e r ro r  mean. square, s2, i s :  

where Xij i s  observation i in years j and n j  i s  the  number of streams surveyed 
in year j. Hence, 

= 1.053681. 

The standard e r ro r  of the year ly  means is :  

s = v- = 1.02648 round t o  1.026 

Values of Zp,, obtained from Duncan's Tables f o r  a 5% Multiple Range t e s t  are:  

order of comparison, p : (2 )  (3)  (4 )  

value from tab les ,  Z p a n  : 2.89 3.04 3.12 

The values, Z a r e  mult ipl ied by the  standard e r r o r  of the  yearly means, 
s = 1.026, t o P d k a i n  the  appropriate shor tes t  s ign i f i can t  range f a c t o r ,  R p ;  

Let the years 1961 , 1962, 1963, and 1964 be designated by the numerals 1 , 2, 3 ,  
and 4 respectively,  then ranking the year ly  means from highest t o  lowest, 

year:  1964 1962 1963 1961 

designation: 4 2 3 1 

mean: 1.707 0.723 0.650 0.595 

the t e s t s  f o r  s ign i f i can t  d i f ferences  are:  

In order f o r  the mean di f ference between 1964 and 1961 t o  be s i gn i f i c an t  

must exceed R4 = 3.20 



which i s  greater  than 3.20, therefore 1964 had a higher alevin mortal i ty than 
1961 . 

In order fo r  the  mean difference between 1964 and 1963 t o  be s ign i f ican t  

must exceed R3 = 3.12. 

which i s  greater  than 3.12, therefore 1964 had a higher alevin mortal i ty than 
1961 . 

In order f o r  the mean difference between 1964 and 1962 t o  be s ign i f ican t  

must exceed B2 = 2.97 

which i s  greater  than 2.97, therefore 1964 had a higher alevin mortal i ty than 
1962. 

In order f o r  the  mean difference between 1962 and 1961 t o  be s ign i f ican t .  

m u s t  exceed R3 = 3.12. 

which i s  l e s s  than 3.12, therefore 1962 and 1961 did not have a s ign i f ican t  
difference in alevin mortal i ty.  

In order f o r  the  mean difference between 1962 and 1963 t o  be s ign i f ican t  



must exceed Rp = 2.97. 
I 

which i s  l e s s  than  2.97, t h e r e f o r e  1962 and 1963 d i d  n o t  have a  s i g n i f i c a n t  
d i f f e r e n c e  i n  a l e v i n  m o r t a l i t y  . 

must exceed R2 = 2.97. 

which i s  l e s s  than  2.97, t h e r e f o r e  1963 and 1962 d i d  n o t  have s i g n i f i c a n t  
d i f f e r e n c e  i n  a l e v i n  mor ta l  i t y .  

These r e s u l t s  may be conc i  s e l y  ar ranged as f o 1  lows: 

yea r :  1961 1962 1963 1364 

mean a l e v i n  m o r t a l i t y :  0.595 0.723 0.650 1.707 

where any two means n o t  underscored by t h e  same l i n e  a re  s i g n i f i c a n t l y  d i f f e r e n t .  
Therefore,  i t  i s  seen t h a t  t h e  1964 a l e v i n  m o r t a l i t y  i s  s i g n i f i c a n t l y  h i ghe r  than 
t h a t  f o r  the  years  1961, 1962, and 1963 b u t  t h e  years  1961 , 1962, and 1963 a r e  
n o t  s i g n i f i c a n t l y  d i f f e r e n t .  

111. ENVIRONMENTAL CAUSES OF RORTALITY TO ALEVINS 

I t  has been e s t a b l i s h e d  t h a t  a l e v i n s  s u f f e r  m o r t a l i t y  f rom movement and mechan- 
i c a l  d is tu rbances  o f  spawning g rave l  beds (Coble, 1960, Gangmark and Bakkala, 
1960) f rom r a p i d  stream r u n o f f  and e ros ion  o f  t h e  stream beds w i t h  t h e  r e s u l t a n t  
d e p o s i t i o n  o f  s i l t  and sand (Gangmark and Bakkala, 1960) (Gangmark and Broad, 
1956). A d d i t i o n a l  f a c t o r s  which have been shown t o  cause m o r t a l i t y  o f  depos i ted  
eggs and a l e v i n s  a r e  wate r  l e v e l  changes and f l u c t u a t i n g  wate r  f l ows  (Wicke t t ,  
1958). From t h i s  work i t  may be d e f i n i t e l y  concluded t h a t  f a c t o r s  r e l a t i n g  t o  
t h e  c o n d i t i o n  o f  t h e  stream grave l  and events  t a k i n g  p l ace  i n  t h e  g rave l  have a  
c r i t i c a l  i n f l u e n c e  on t h e  s u r v i v a l  o f  eggs and a l e v i n s  i n  t h e  g rave l .  

I V .  THE RELATION OF THE EARTHQUAKE TO CAUSES OF ALEVIN RORTALITY 

Dur ing t h e  occurrence of t h e  most severe se ismic a c t i v i t y  t h i s  c y c l e  of p i n k  
salmon was i n  t h e  a l e v i n  l i f e  phase occupying stream g rave l s  and suscep t i b l e  
t o  t he  m o r t a l i t y  causes mentioned above. De t r imenta l  se ismic e f f e c t s  extended 
f o r  severa l  weeks. Fo l l ow ing  t h e  i n i t i a l  earthquake a  g r e a t  number o f  r e l a t i v e l y  
severe a f t e r  shocks were recorded. The ep i cen te r  o f  t h e  i n i t i a l  earthquake was 



in Prince William Sound and those of the a f t e r  shocks principally along a 
l ine between Prince William Sound and Kodiak Island as shown in Figure 8. 
(Prel iminary Report Prince Will iam Sound A1 askan Earthquakes March-Apri 1 1964). 

The most obvious changes appear on land features,  especially areas of up1 i f t  
and subsidence in the vicinity of streams. The extent of these changes i s  
shown in Figure 9. The inter t idal  zones used for  spawning are now changed 
in nearly a l l  streams (personal observation W .  Noerenberg) . I t  has been found 
(Noerenberg, T964) that  these inter t idal  and lower upstream areas make u p  most 
of Prince Will iam Sound spawning gravel and these spawning gravels a re  espec- 
i a l ly  subject t o  damage from abnormal t ide  and wave action. 

The 1964 f i e ld  observations indicated alevin mortali t ies from a t  leas t  three 
sources : 

(1) P.lechanica1 k i l l s  from gravel shif t ing and shaking during earth 
movement. 

(2) S i l ta t ion  from deposition of mud and sand from stream del tas  by 
s-eismic waves, and 

(3) Massive destruction of stream beds from tsunamic action. 

This report ,  however, analyzes additional mortali t ies resulting only from 
sources ( 1 )  and (2) .  

V .  FUTURE CONSEQUENCES OF THE INCREASED ALEVIN MORTALITY 

The relation of natural large-scale catastrophes to subsequent salmon returns 
has been reported in many studies (notably Neave, 1953; Wickett, 1958). These 
catastrophic physical causes may be considered to  have physical e f fec ts ,  and 
the relationship i s  such tha t  when causes are  adequately known ef fec ts  can be 
reliably predicted. Therefore, using the data presented in t h i s  study, an e s t i -  
mate can be formed of the consequences the March-April seismic occurrences will 
produce on th i s  cycle of pink salmon returns to Prince William Sound. 

The pre-emergent alevin index has been the most e f f ic ien t  index fo r  use in 
forecasting future pink salmon returns to  Prince William Sound (Noerenberg, 
1964). Tab1 e 7 gives the indices and returns f o r  the years 1958 to  1964 
except for  1960. The regression of return on alevin index computed from th i s  
table i s  

where, 

R i s  the return in thousands of pink salmon, and 

A i s  the alevin index. 



Figure 8. Epicenter map Prince Will iam Sound earthquake of Flarch 28, 1964 
and aftershocks. 



10 
Figure 9. Uplift and subsidence in Prince William Sound. 



Table 7 .  Pre-.emergent a l ev in  ind ices  and r e t u r n s  f o r  Pr ince  William Sound 
pink salmon. 

Returns One Year 
Spring of Alevins per Af te r  Sampling 
Sampling Square Foot1 ( i n  thousands) 

I n t e r t i d a l  and upstream zones f o r  a l l  streams sampled. 

2 Estimated r e tu rn  f o r  1964 a s  of August 21, 1964. 

3 Predic ted  r e tu rn  f o r  1965 obtained from equat ion R=565.555 + 206,762 A. 
This  i s  a prel iminary p red ic t ion  and i t s  use i n  t h i s  r e p o r t  i s  t o  show 
the  es t imated  magnitude of  pink salmon l o s s  due t o  t he  earthquake. 

Source: Noerenberg , 1964; Noerenberg , Roys f i e 1  d sampl ing 1964. 



Using t h i s  equation and the 12.37 alevin index the  forecasted return in 1965 
would be 3,865,000 p i n k  salmon. However, the  12.37 index f igure  i s  lower 
than normal because of the earthquake e f f ec t s .  If  the average percent l i ve  
a levins  f o r  the  years 1961, 1962, and 1963 i s  taken a s  the expected percent 
l i f e  alevins f o r  any year ,  the percent l i v e  alevins in 1964 can be adjusted 
t o  t h i s  f igure  and an adjusted index can be computed which would be the  
expected index i f  there were no earthquake e f f ec t s .  

The average percent l i ve  a levins  f o r  the years 1961, 1962, and 1963 i s  99.57. 
The percent l i v e  alevins f o r  1964 i s  93.24. The adjusted index f o r  1964 i s ,  

adjusted index = (99-57) (12.37) = 13.21. (93.24) 

The expected return f o r  1964 i f  there  were no earthquake e f f e c t s  i s ,  

= 4,100,000 pink salmon. 

These r e s u l t s  a re  shown in Figure 10. The estimated loss  occasioned by the 
earthquake e f f e c t s  can be estimated a s  

4,100,000 - 3,865,000 = 235,000 

pink salmon i n  the 1965 re turns .  
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Figure 10. Relation of alevin abundance t o  return one year l a t e r .  

@ Expected re turn  of 3,865,000 f i s h  in 1965. 

Expected re turn  of 4,100,000 f i s h  in 1965 i f  earthquake e f f ec t s  were 
removed. 
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The department administers all programs and activities in compliance with Title VI of the Civil Rights Act 
of 1964, Section 504 of the Rehabilitation Act of 1973, Title II of the Americans with Disabilities Act of 
1990, the Age Discrimination Act of 1975, and Title IX of the Education Amendments of 1972. 
  
If you believe you have been discriminated against in any program, activity, or facility, or if you desire 
further information please write to ADF&G, P.O. Box 25526, Juneau, AK 99802-5526; U.S. Fish and 
Wildlife Service, 4040 N. Fairfax Drive, Suite 300 Webb, Arlington, VA 22203 or O.E.O., U.S. 
Department of the Interior, Washington DC 20240. 
 
For information on alternative formats for this and other department publications, please contact the 
department ADA Coordinator at (voice) 907-465-6077, (TDD) 907-465-3646, or (FAX) 907-465-6078. 
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